Abstract. We studied adult White Ibises (Eudocimus albus) on a South Carolina salt marsh to determine the effects of social grouping on the birds' foraging behavior. White Ibises on our study site fed almost exclusively on fiddler crabs (Uca spp.). 
INTRODUCTION
Optimal foraging theory predicts that animals should forage in such a way as to maximize the net rate of energy intake (for a review, see Krebs et al. 1983 ) because this will ultimately maximize reproductive output. Within this context, several hypotheses have been proposed to account for why birds feed in close proximity to one another. The two most widely accepted benefits of group foraging are: (1) increased probability of locating or exploiting suitable food resources (Ward and Zahavi 1973, Krebs 1974 ) and (2) decreased vulnerability to predators (Page and Whitacre 1975 , Kenward 1978 , Caraco 1979 ). Either by watching where other individuals are feeding or by gaining information on food patches at a gath-ering spot, such as a roost, a bird might increase the likelihood of foraging in an area containing sufficient food resources. Also, an individual might increase prey intake by copying the foraging techniques of successful flock members (Krebs et al. 1972 In addition to potential differences in foraging efficiency based on the size of the flock, position within the flock can affect an individual' s rate of food intake. Birds on peripheries of flocks have been shown to spend more time scanning the surroundings as compared to other group members (e.g., Jennings and Evans 1980). Age (Bildstein 1983) and dominance status (Morse 1967 , Russell 1978 ) also can influence where a bird forages within a group, thereby affecting its foraging behavior.
In this study we examine the costs and benefits of flock foraging by documenting differences in the foraging behavior of White Ibises (Eudocimus albus) foraging in flocks of various sizes and at different positions within the flocks. We then discuss our results in light of current flock foraging theory. We used spotting scopes to observe the foraging behavior of ibises from an 18.5-m tower located on the marsh edge. Data were collected throughout the day, but most records were taken between 08:OO and 14:O0. Typically, ibises fed on the higher elevations of the marsh where Spartina was less than 30 cm high. These areas of the marsh were usually covered by standing water for only a few hours before and after high tide. We restricted our observations to periods when water had not inundated the high Spartina marsh because during these times fiddler crabs return to their burrows (pers. observ.).
STUDY AREA AND METHODS

From
To assess if foraging behavior and capture rates of adult (third year and older) ibises differed with respect to flock size or position within the flock, we made sequential, 4-min, paired observations of birds in four social situations. One observer paired (within 5 min) the observation of an individual in one social group (defined below) with an observation of an individual in a different social group. We used this paired sampling scheme to compare birds under similar conditions, thereby minimizing the effects of time of day, weather, season, and prey abundance and availability. Most ibises, regardless of social grouping, used the same areas of the marsh for foraging. We limited our observations to adults because, on North Inlet marsh, the foraging behavior of recently fledged juveniles and secondyear birds (nonbreeders) differs from the foraging behavior of third-year and older birds (breeding adults) (Henderson 198 To determine if an individual foraged similarly irrespective of its position within a flock, we followed seven White Ibises which were initially either on the edge or in the center of one of the large flocks. We followed these birds for 
CENTRAL ADULTS IN LARGE FLOCKS VS. SINGLETONS (N = 25)
Singletons looked up more often and for longer periods of time than did central birds. Although number of steps was not statistically different, adjusted steps were significantly higher for singletons as compared to central adults in large flocks. Singletons also took more steps between probes, whereas central ibises probed more frequently and had a lower success rate per probe than did singletons. Capture rates were similar between the two groups (Fig. 3) .
ENERGY EXPENDITURE OF IBISES IN DIFFERENT GROUPS
Even though adults in small flocks, singletons, and, to some extent, peripheral adults, stepped That centrally-located ibises did not increase their capture rates despite devoting more time to foraging than did other ibises suggests that there are disadvantages associated with foraging among a large number of birds.
Prey depletion (Zwarts 1980) appeared to be insignificant as we did not record a decrease in individuals' capture rates over the 4-min observation period, nor over the time span that a flock was on the marsh (unpubl. data). These results may reflect the fact that ibis flocks moved over the marsh and, therefore, may not have spent enough time in a location to appreciably deplete the local fiddler crab numbers.
Another suggested disadvantage, fighting over food (Goss-Custard 1977a, Silliman et al. 1977), also probably was not associated with the larger ibis flocks on our study site. Only during a brief 2-week period during late July 1984 did we observe any interference or aggression between foraging conspecifics, and even then, encounters were very infrequent ( < 0.5/hr).
Alteration of search paths and the prediction that as flock size increases so does the probability that some birds will be forced to forage in lesspreferred areas (Zwarts 1976, Goss-Custard 1977b) were not specifically examined in this study. Although we do not believe that these two potential disadvantages were important factors here, one would have to quantify search paths (e.g., Smith 1977) and know the dynamics of the resource patches used by ibises to properly address these hypotheses.
Depressed availability of surface crabs due to activity of birds appears to be the major disadvantage to White Ibises foraging in the center of large flocks. Goss-Custard (1970) showed that Common Redshanks (Tringa totanus) walking on the surface caused invertebrates to retreat into burrows. We believe that this was the proximate cause of the lower than expected capture rates of ibises located centrally within large flocks. We noticed crabs withdrawing to their burrows in response to our presence when we walked on the marsh. This response of fiddler crabs may have created the dichotomy in foraging behavior be-tween the central birds in large flocks and the other three groups. White Ibises foraging in the center of large aggregations tended to be tactile foragers (i.e., they probed into fiddler crab burrows in search of prey). This contention is supported by their increased number of probes, the fewer steps between capture attempts, and the greater number of probes between captures. On the other hand, ibises foraging alone, ibises on the edges of large flocks, and ibises in small flocks tended to forage visually, i.e., by chasing crabs on the surface and capturing them before they retreated into burrows. Our data also support this notion, as individuals in the latter three groups took more steps (frequently ran) and probed less than their centrally located counterparts. Ibises on the peripheries of large flocks, ibises in small flocks, and ibises foraging alone were the first to reach undisturbed areas and, thus, were able to locate and capture crabs on the surface.
Our results do not support the hypotheses that by foraging within a flock an individual increases prey intake by copying the foraging behavior of successful flock members or that the increased protection gained by flock members allows them to procure more resources. Ibises feeding in the center of large flocks, however, do gain an advantage of increased predator protection without suffering lower feeding rates. Thus, our results support the predator-protection hypothesis (e.g., Pulliam 1973) independent of feeding-efficiency hypotheses.
Why then do ibises sometimes forage on the edge of large flocks, in small flocks, and by themselves? Some studies have suggested that social (Morse 1970 , Russell 1978 or sexual (Peters and Grubb 1983) dominance plays a role in determining where an individual forages. The shorter bill of females (Kushlan 1977b ) might preclude them from reaching the bottom of some fiddler crab burrows, thus making them less efficient foragers in a situation where they must locate crabs by tactile means (i.e., in the center of large flocks). Therefore, birds on the edges of large flocks, in small flocks, or foraging solitarily (those birds that hunt prey visually and capture prey from the surface), may have been females. Our results, however, suggest that this is not the case, as the seven focal ibises generally changed their foraging behavior when they changed positions within the large flocks. Although our preliminary results suggest that sexual and social factors do not affect where adult White Ibises forage within hocks, more data are needed to confirm these observations. White Ibises foraging in the center of large flocks spent less time being vigilant compared to other ibises, but they gained no benefits in terms of prey intake. By altering their foraging behavior, individuals in each situation managed to catch prey at the same rate. Specifically, central ibises in large flocks spent more time foraging to offset the depressed availability of fiddler crabs on the surface. On the other hand, ibises in the other three situations were more vigilant, but were able to capture crabs on the surface. Thus, White Ibises' foraging behavior changed in response to the pattern of prey availability (behavior) (see also Kushlan 1978) . In foraging flocks where members are not feeding on highly mobile prey, such as fiddler crabs, the costs of flock foraging may not be so great because the "prey" do not drastically alter their behavior in response to the high density of birds. Most studies that have documented increased food intake of flock members have dealt with birds feeding on grain, seeds, or relatively immobile invertebrates during the winter (e.g., Powell 1974, Abramson 1979, Carace 1979, Goldman 1980, Jennings and Evans 1980). Alternatively, most studies which have not shown an increase in prey intake for flock members were conducted on birds that were foraging on mobile prey, such as active insects, fish, and crabs (e.g., Smith 1977, Pleischer 1983, this study). Thus, one proposed benefit of foraging in a flock, increased prey intake, may vary from species to species and according to the prey type and its availability. Certainly, a single explanation for the advantage of flock foraging cannot be extended across all taxa or even within a given species subjected to different environmental influences. 
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